ABSTRACT: Four ruminally and duodenally cannulated Suffolk wether lambs (34.5 ± 2.0 kg initial BW) were used in a 4 × 4 Latin square-designed experiment to examine the effects of ruminal protein degradability and supplementation frequency on site and extent of digestion in lambs consuming a low-quality forage diet. Wethers were fed a basal diet of mature crested wheatgrass hay (4.2% CP) for ad libitum consumption plus 1 of 4 supplements: 1) a high RDP supplement provided daily (RDP-D), 2) the high RDP supplement provided on alternate days (RDP-A), 3) a high RUP supplement provided on alternate days (RUP-A), or 4) a 50:50 mixture of the RDP and RUP supplements, provided on alternate days (MIX-A). Forage OM, N, NDF, or ADF intakes were not affected by treatment. True ruminal OM digestibility was greater (P < 0.001) for MIX-A lambs compared with other treatments. True ruminal N digestibility was less (P < 0.01) in RUP-A lambs compared with other treatments. Ruminal digestibilities of NDF and ADF were greater (P ≤ 0.01) for MIX-A lambs compared with other treatments. There was a treatment × hour interaction (P < 0.001) with a delay in peak concentrations within the RDP-A lambs. However, lambs supplemented with RUP had less (P < 0.001) ruminal ammonia concentrations compared with RDP-D lambs, with RUP-A lambs exhibiting the least concentrations and least variation over time. Ruminal urease activity was not affected by treatment. Microbial N flow was not affected by treatment; however, there was an increase (P = 0.004) in microbial efficiency for RDP-D lambs. Alternate day protein supplementation with a mixture of RDP and RUP may improve digestibility in lambs consuming low-quality forage, which may be related to decreased fluctuation in ruminal ammonia concentrations as a result of greater endogenous N recycling.
INTRODUCTION
Although supplementation with RDP is often necessary to optimize production in ruminants consuming low-quality forages (Bohnert et al., 2002b) , such supplementation can be expensive. Decreasing the frequency of RDP supplementation to ruminants consuming low-quality forages has generally resulted in minimal impacts on nutrient intake or digestion (Bohnert et al., 2002b; Carter et al., 2002; Atkinson et al., 2010) or subsequent animal performance Bohnert et al., 2002b; Ludden et al., 2002) . Nonetheless, consumption of large quantities of RDP on the day of supplementation may result in ruminal ammonia concentrations that greatly exceed the immediate demands of the microbial population (Van Soest, 1994) . However, the rumen may play a role in buffering the effect of infrequent supplementation. Several researchers (Beaty et al., 1994; Farmer et al., 2001; Bohnert et al., 2002c) have documented a lag in peak ruminal ammonia concentrations and a prolonged elevation in ammonia with decreased frequency of RDP supplementation compared with daily supplementation. Such patterns could reflect enhanced N recycling or timeseries differences in nutrient utilization by the microbes (Farmer et al., 2004) , which may potentially reduce any negative effects of infrequent supplementation. Alter-natively, our hypothesis was that replacing a portion of the supplemental RDP with RUP in supplements fed on alternate days may indirectly stimulate N recycling. In addition to moderating ruminal ammonia concentrations, prolonged deamination of the AA contained in supplemental RUP may provide a mechanism whereby blood urea concentrations are increased to coincide with decreased ruminal ammonia concentrations on the day after supplementation. Our objectives were to examine the effects of alternate-day supplementation with combinations of RDP plus RUP on ruminal characteristics and site and extent of digestion in lambs fed low-quality forage.
MATERIALS AND METHODS
All animal care protocols were approved by the University of Wyoming Animal Care and Use Committee.
Animals, Diets, and Sampling
Four Suffolk wether lambs (34.5 ± 2.04 kg initial BW) fitted with permanent ruminal and T-type duodenal (inserted cranial to the common bile and pancreatic duct) cannulas were used in a 4 × 4 Latin squaredesigned experiment to determine site and extent of digestion. Wethers were maintained in individual metabolism crates (1.4 × 0.6 m) at a constant room temperature (20°C) under continuous lighting. Wethers had ad libitum access to fresh water and a trace mineralized salt block [Iofix T-M, Morton Salt, Chicago, IL; guaranteed analysis (% of DM) 97.1% NaCl, and ≤0.35% each of Zn, Mn, Fe, Cu, I, and Co].
Wethers were fed a basal diet of mature crested wheatgrass hay (4.2% CP, 59% NDF, 42% ADF; DM basis) for ad libitum consumption in 2 equal portions at 0630 and 1600 h daily. Forage refusals were collected and weighed daily, and amount of forage offered was adjusted to a minimum of a 10% refusal rate. Wethers were supplemented at 0600 h with 1 of 4 supplemental protein treatments: 1) a high RDP supplement (Table  1) based upon isolated soy protein (ARDEX AF, Archer Daniels Midland Company, Decatur, IL) fed daily (RDP-D), 2) the high RDP supplement provided on alternate days (RDP-D), 3) a high RUP supplement based upon corn gluten meal fed on an isonitrogenous basis to the RDP supplement, provided on alternate days (RUP-A), or 4) a 50:50 mixture of the RDP and RUP supplements provided on alternate days (MIX-A). The RDP and RUP supplements were provided at the rate of 0.23 and 0.30% of BW, respectively, and alternate-day treatments were fed at twice that of daily supplementation, resulting in all supplements being provided on an isonitrogenous basis (7.85 g of N/d) across the 48-h supplementation interval. The isolated soy protein contained 82% CP (DM basis), of which 100% of the CP was soluble protein based upon in situ analysis (data not shown). The corn gluten meal contained 74.4% CP (DM basis) and was assumed to contain 59% RUP (% of CP; NRC, 1996) . The RDP supplied by the forage (61.6% of CP) was determined by protein fractionation as described by Sniffen et al. (1992) , and forage TDN (56.2% of DM) was estimated from the ADF value of the forage (Linn and Martin, 1989) . Forage DMI was assumed to be 1,200 g/d (based upon average intakes during a pretrial feeding period), and microbial efficiency was assumed to be 11% of TDN Koster et al., 1996) . Although this microbial efficiency was determined in beef cattle rather than sheep, differences in microbial population and response to supplementation were considered to be insignificant based on the lack of experimental data. Based upon these assumptions, the forage alone did not contain sufficient RDP (<2.6% of DM), and supplementation was necessary to meet RDP requirements. Consequently, an unsupplemented negative control treatment was not used. The resulting supplements were calculated (NRC, 1996) to contain 79.2 and 73.7% TDN for the RDP and RUP supplements, respectively.
Four experimental periods were each 20 d in duration, with the first 14 d for adaptation followed by 6 d of sample collections. On d 7 through 18, wethers received intraruminal doses of 2.5 g of TiO 2 via gelatin capsules (Torpac Inc., Fairfield, NJ) at each feeding as an indigestible digesta flow marker. On d 15 through 18 of each experimental period, duodenal (150 mL) and fresh fecal samples (10 g) were collected at 4-h intervals. Collection times were advanced by 2 h each day such that samples represented every 2 h in a theoretical 48-h clock. Duodenal samples were composited within wether by collection period and frozen at −20°C until lyophilized (Genesis 25 freeze dryer, The VirTis Co., Gardiner, NY) at the end of the experiment. Fecal samples were composited within wether for each collection period and dried in a 55°C forced-air oven. Duodenal and fecal samples were ground through a 1-mm screen (Wiley mill, Arthur H. Thomas Co., Philadelphia, PA) before subsequent laboratory analysis.
On d 19 of each collection period, 100 mL of whole ruminal contents were manually extracted from the medial portion of the rumen from each wether immediately before feeding (0 h sampling time) and at 3-h intervals for 48 h. Ruminal pH was determined immediately for each fresh ruminal sample using a combination electrode (Orion Research Inc., Boston, MA). Ruminal contents were then strained through 4 layers of cheesecloth, and 10 mL of the strained fluid was acidified with 0.1 mL of 7.2 N H 2 SO 4 and frozen for later VFA and NH 3 analysis. The remaining whole ruminal contents were placed in a blender (Hamilton Beach/Proctor Silex, Washington, NC) with an equal volume of 0.9% NaCl (wt/ vol) solution and homogenized for 1 min to dislodge particulate-associated bacteria. The homogenized solution was then strained through 8 layers of cheesecloth, composited within wether by period and frozen for later bacterial isolation by differential centrifugation (Merchen et al., 1986) . The resulting bacterial isolate was lyophilized and ground with a mortar and pestle for subsequent laboratory analysis. On d 19 and 20 of the collection period, an additional sample (15 mL) of ruminal fluid was collected from the ventral sac with a suction strainer at 3 h after the morning feeding. These samples were placed on ice and transported to the laboratory for immediate determination of urease activity as described by Ludden et al. (2000) . Feed and refusals were sampled daily and composited within each collection period and ground through a 1-mm screen (Wiley mill) for subsequent laboratory analysis.
Laboratory Analysis
Feed, refusals, bacterial isolates, duodenal digesta, and fecal samples were analyzed for DM and ash (AOAC, 1990) and for N content (Leco model FP-528 Nitrogen analyzer, Leco Corp., St. Joseph, MI). Neutral and acid detergent fiber contents of feed, orts, duodenal digesta, and fecal samples were determined using an Ankom 200 fiber analyzer (Ankom Technology, Fairport, NY). Duodenal and fecal samples were analyzed for TiO 2 concentrations according to Myers et al. (2004) . Duodenal and isolated bacteria samples were analyzed for purine concentration as described by Zinn and Owens (1986) and modified by Obispo and Dehority (1999) . Ruminal NH 3 concentrations were determined by the phenol-hypochlorite procedure (Broderick and Kang, 1980) . Ruminal fluid was analyzed for VFA concentrations (Goetsch and Galyean, 1983) using a Hewlett-Packard 5890 GLC (Hewlett-Packard, Avondale, PA) equipped with a 15 m × 0.53 mm (i.d.) column (Nukol, Supelco, Bellefonte, PA) with an initial oven temperature of 110°C to a final temperature of 150°C at 8°C/min. Helium was used as carrier gas with a column flow rate of 20 mL/min. Injector and flame ionization detector temperatures were 250°C.
Calculations and Statistical Analysis
Dry matter flow was calculated by dividing the amount of TiO 2 dosed by the concentration of TiO 2 (% of DM) in the sample (duodenal and fecal). Digesta flows of OM, N, NDF, and ADF were calculated by multiplying nutrient concentration (% of DM) at each site by DM flow. True ruminal OM and N digestibilities were calculated by correcting duodenal OM and N flows for the contribution of bacteria OM and N.
All site and extent of digestion data were analyzed using the MIXED procedure (SAS Inst. Inc., Cary, NC) using the model for a Latin square design. The model included treatment and period with animal specified in the RANDOM statement of SAS. Ruminal fermentation data (pH, NH 3 , and VFA) were analyzed using the MIXED procedure of SAS for repeated measures. The model included period, treatment, and time as well as treatment × time interactions. The RANDOM statement of SAS included the interaction of period × time within animal. An autoregressive covariance structure (AR1 of the MIXED procedure of SAS) was determined to be most appropriate based on Akaike's information criterion. Comparisons of main effects were determined using least squares means and Fisher's protected LSD (P = 0.05) and tendency set at P ≤ 0.10.
RESULTS AND DISCUSSION

OM and Fiber Intake and Digestion
Forage OM intake was not affected by protein degradability or supplementation frequency (Table 2) . Additionally, neither total OM, NDF, nor ADF intakes were affected by protein degradability or supplementation frequency in the current study (Tables 2, 3 , and 4). In a companion study (Atkinson et al., 2010) , we did not observe a difference in forage intake due to protein degradability or supplementation frequency. These observations are in agreement with others (Ferrell et al., 1999; Bohnert et al., 2002b; Carter et al., 2002) reporting no difference in forage intake when lambs fed low-quality forage were supplemented with protein of different ruminal degradabilities. However, Bandyk et al. (2001) observed that ruminal casein supplementation increased forage intake in beef steers compared with abomasal casein supplementation. Moreover, daily supplementation has been shown to increase forage intake vs. supplementation every 3 or 6 d (Bohnert et al., 2002a) , at 2, 3, or 5 times per week , or 3 times per week (Beaty et al., 1994) in cattle. Similar to the current study, Krehbiel et al. (1998) and Huston et al. (1999) reported that decreasing the frequency of supplementation to as infrequently as once every 3 or 7 d, respectively, had no effect on forage or total intake by mature ewes. In the current study we had predicted forage intake to be 1,200 g/d with a microbial efficiency of 11%; therefore, the lack of supplementation effects on forage intake may be re-lated to actual forage intake being less than the 1,200 g/d predicted [1,020, 937, 871, and 962 g/d for RDP-D, RDP-A, MIX-A, and RUP-A, respectively (DM basis)] and microbial efficiency to be at or above 11% (14.8, 11.2, 11.1, and 11.3% for RDP-D, RDP-A, MIX-A, and RUP-A respectively).
Apparent ruminal digestibilities (% of intake) of OM, NDF, and ADF were increased (P ≤ 0.01) with alternate-day supplementation (Tables 2, 3 , and 4). Within the alternate-day treatments, OM digestibility increased with 50% inclusion of RUP (MIX-A), but then decreased with RUP-A. However, apparent ruminal fiber digestibility did not differ between RDP-A and RUP-A, with MIX-A exhibiting the greatest (P ≤ 0.01) NDF and ADF digestion. These data suggest that protein supplemented as infrequently as every 48 h may improve ruminal digestion, and that the inclusion of RUP at 50% of supplemental N further enhances this increase in ruminal digestion. The enhancement of ruminal digestion using a mixture of RDP and RUP suggests a more stable environment for the rumen microbes. When utilizing an alternate-day supplementation protocol, the supplied RDP is readily available on the day of supplementation, whereas the degradation of RUP N is potentially delayed to be recycled back to the rumen on the day of nonsupplementation, thereby Means in a row with unlike superscripts are different (P ≤ 0.05). Protein degradability and supplementation frequency providing a more consistent supply of available N. This is in contrast to Bohnert et al. (2002a) who observed no differences in OM or NDF digestion due to protein degradability or supplementation frequency. Galyean and Owens (1991) also suggested that source of supplemental N (NPN, natural protein, RDP, or RUP) has little to no effect on site of digestion of low-quality forage. Farmer et al. (2004) also observed no difference in OM or NDF digestion due to supplementation frequency. These observations support the contention that ruminants possess mechanisms that buffer the effects of infrequent supplementation. Moreover, we observed that true ruminal OM digestibility was greater (P < 0.001) for all alternate-day-supplemented lambs compared with RDP-D lambs and that MIX-A lambs had the greatest true ruminal OM digestion within alternateday treatments.
Lower tract OM digestion (g/d) was greater (P = 0.01) for RDP-D lambs compared with alternate-day lambs, and within alternate-day, MIX-A had the least digestion (Table 2) . Because alternate-day-supplemented lambs also exhibited greater ruminal OM digestion, the decrease in digestion occurring postruminally suggests a shift in site of digestion toward the rumen with alternate-day supplementation. Nonetheless, alternateday-supplemented lambs tended (P ≤ 0.08) to have greater total tract OM and ADF digestibilities (% of intake) than RDP-D lambs (Tables 2, 3 , and 4). However, Bohnert et al. (2002a) reported no difference in total tract OM disappearance when supplementing RDP or RUP daily, every third day, or every sixth day. In a companion study utilizing the same treatments and supplementation frequencies, Bohnert et al. (2002b) observed a decrease in total tract OM digestion with RDP and an increase in digestion with RUP as supplementation frequency decreased in lambs consuming low-quality meadow hay. Similarly, Farmer et al. (2001) noted that total tract OM digestibility decreased linearly as frequency of RDP supplementation decreased in steers consuming low-quality forage. Those authors suggested that decreased digestion may be attributed to altered ruminal fermentation when supplements are provided less frequently. These results suggest that alternate-day supplementation with RUP may enhance total tract digestion compared with utilizing a RDP source alone. Moreover, decreasing supplementation frequency to 3 and 2 d/wk compared with every 48 h when utilizing RDP as a source of protein supplementation may have a greater potential for negative effects on digestion. However, further investigation is needed to confirm this hypothesis.
N Intake and Digestion
Forage N intake was not affected by protein degradability or supplementation frequency (Table 5 ). Supplemental N intake did not differ (P = 0.10) among RDP-D and RDP-A treatments, but did differ (P = 0.001) among the alternate-day treatments. However, this difference did not influence total N intake. Although supplements were formulated to be isonitrogenous, the CP content of the isolated soy protein used to mix supplements was greater than in pretrial samples. Consequently, lambs fed their supplemental N as RDP consumed more N than intended.
The chemical composition of the ruminal microbes ranged from 9.77 to 10.31% N, 75 to 76% OM, and a RNA:N ratio of 2.0 to 2.1. Duodenal flow of N was not affected by protein degradability or supplementation frequency. However, nonmicrobial N flow was greater (P = 0.03) for RUP-A lambs compared with other alternate-day treatments due to the decreased protein degradability of the supplement. Apparent ruminal N digestibility was less (P = 0.01) for RUP-A lambs and was negative for the RDP-D and RUP-A treatments (Table 5 ). This suggests that a greater quantity Means in a row with unlike superscripts are different (P ≤ 0.05). of N entered the rumen via recycling in those lambs, especially for RUP-A vs. the other alternate-day treatments. True ruminal N digestibility was greater (P < 0.001) for lambs that were supplemented with at least a portion of RDP (RDP-D, RDP-A, and MIX-A) and least for RUP-A lambs, which reflects the differences in supplement ruminal protein degradability. In contrast, protein degradability did not alter (P = 0.24) microbial N flow at the duodenum. Despite the lack of difference in microbial N flow and OM truly fermented, microbial efficiency was greater (P = 0.004) for RDP-D lambs compared with alternate-day lambs. Although the RUP supplement provided additional N-free extract (1.54% of diet DM), it was not likely enough to elicit any associative effect. Moreover, a likely contribution to the increased microbial efficiency for RDP-D could be a more consistent supply of RDP, which is required by the rumen microbes for optimum carbohydrate utilization (Van Soest, 1994) . Within the alternate-daysupplemented treatments, microbial efficiency did not differ between RDP-A and MIX-A, but increased (P = 0.003) in lambs fed RUP-A. Although microbial efficiency was reduced in alternate-day-supplemented lambs, true ruminal OM digestibility increased, and thus N status of the rumen must have been adequate to support microbial metabolism. The increased microbial efficiency in RUP-A lambs could potentially be due to increased lower tract N digestibility (% of duodenal flow), which would have not only provided protein to be utilized later for N recycling but also carbon skeletons to be utilized as an energy source. This increase in microbial efficiency in RUP-A lambs would suggest that the contribution of endogenous N recycling to ruminal N status is undervalued.
Lower tract N digestibility was greatest (P = 0.002) for RUP-A, decreased in MIX-A lambs, and further decreased, but did not differ (P = 0.16) between RDP-D and RDP-A (Table 5 ). The increased lower tract N digestion by RUP-A lambs reflects the increased nonmicrobial N flow for the RUP-A treatment due to the shift in the site of protein digestion. In contrast, Bohnert et al. (2002a) observed no difference in disappearance of N from the intestines due to protein degradability or supplementation frequency. However, there is a lack of information concerning the effects of supplementation frequency on intestinal N disappearance. In a companion study (Atkinson et al., 2010) , multi-catheterized lambs were supplemented with the same treatments as those used in the current study and net flux of metabolites was measured. Assuming that supplementation frequency does not affect the digestibility of duodenal digesta, and that flux of α-amino N across the portal-drained viscera (PDV) is related to disappearance of α-amino N from the small intestine, intestinal disappearance of α-amino N and PDV α-amino N flux should have been similar over the 48-h supplementation interval. As was the case, α-amino N flux across the PDV was similar among all treatments when averaged over the 48-h supplementation interval (Atkinson et al., 2010) , which supports our lack of supplementation frequency effect on intestinal N disappearance in the current study.
Total tract N digestibility was greater (P = 0.05) for MIX-A and RDP-A lambs compared with RUP-A and Table 5 . Effects of ruminal protein degradability and supplementation frequency on N intake and digestibility in lambs fed low-quality forage Protein degradability and supplementation frequency RDP-D lambs, which did not differ (P = 0.12). These results conflict those reported in a companion study (Atkinson et al., 2010) in which apparent total tract N digestion was not affected by treatment. Similarly, Bohnert et al. (2002a,b) reported that apparent total tract N disappearance was not affected by protein degradability or supplementation frequency. It is possible that the MIX-A and RDP-A lambs had increased total tract N digestibility due to a decrease in passage rate. Beaty et al. (1994) observed that indigestible ADF (IADF) passage rate tended to increase in response to daily supplementation compared with 3 d/wk in steers consuming low-quality forage. Similarly, Bohnert et al. (2002c) observed a supplementation frequency × protein degradability interaction in which IADF passage rate decreased as supplementation frequency decreased with degradable intake protein (DIP) compared with an increase as supplementation frequency decreased with RUP-supplemented steers consuming low-quality forage. Although we did not measure passage rate in the current study, duodenal OM flow decreased for MIX-A and RDP-A lambs and true ruminal OM digestibility was greater, supporting a decrease in passage rate for alternate-day-supplemented lambs compared with daily supplemented lambs.
Ruminal Characteristics
Neither protein degradability nor supplementation frequency affected ruminal pH (Table 6 ), which averaged 6.4 across treatments. We observed a delay (treatment × hour, P = 0.001) in ruminal ammonia N concentrations within the RDP-A lambs (Figure 1 ). Ammonia N concentrations did not peak until 6 h postsupplementation, and concentrations did not return to presupplementation levels until 27 h postsupplementation. Farmer et al. (2004) also observed that peak ammonia concentrations were delayed until 6 h after supplementation in steers supplemented 2 d/wk with RDP and that concentrations did not return to nadir until between 24 and 48 h after supplementation. Other researchers (Beaty et al., 1994; Bohnert et al., 2002c) have reported greater delays in peak ammonia concentrations until 24 h postsupplementation of RDP in lambs and cows with decreased supplementation frequency. In the current study, the magnitude of the peak for RDP-A did not reach that of the RDP-D treatment. Moreover, ammonia N concentrations were almost identical within the alternate-day-supplemented lambs at 30 h postsupplementation (Figure 1) . Over the 48-h supplementation interval ruminal ammonia N concentrations were decreased (P < 0.001) with alternateday supplementation and decreased further as RUP replaced RDP within the alternate-day-supplemented treatments. Despite this decrease, for 30 of the 48 h ruminal ammonia N concentrations were still ≥5 mg/ dL, allowing for maximal microbial growth (Satter and Roffler, 1975) .
In spite of the changes observed for ruminal ammonia N concentrations, urease activity was not affected by supplementation frequency or protein degradability (Table 6 ). Because urease is believed to help facilitate the transfer of blood urea into the rumen by maintaining a positive concentration gradient across the rumen wall (Kennedy and Milligan, 1980) , we had expected urease activity to increase in RUP-A lambs due to their greater reliance upon N recycling. We had also expected urease activity to be less at 3 h after supplementation and greater at the 27-h sampling based on the suggestion of Cheng and Wallace (1979) that an inverse relationship exists between ruminal ammonia concentration and the expression of urease activity in the ru- men. Likewise, Kennedy and Milligan (1980) noted that ruminal urease activity was negatively correlated with ruminal NH 3 concentrations, suggesting a mechanism of feedback inhibition of ammonia on urease activity. However, Ludden et al. (2000) concluded that despite a 77% reduction in urease activity, sufficient urease activity remained to completely hydrolyze urea to ammonia in lambs fed up to 2% dietary urea. Alternatively, the relative contribution of salivary urea to the total N recycled may have been greater than transfer across the rumen wall, given that recycling via saliva is generally greater for ruminants consuming high-forage diets (Huntington and Archibeque, 1999) . Total VFA concentrations were not affected by protein degradability or supplementation frequency (Table  6) . Similarly, individual VFA concentrations were not affected by protein degradability or supplementation frequency. The lack of difference was unexpected because true ruminal OM digestibility increased within the alternate-day treatments. However, there were numerical increases in total VFA concentrations which would reflect the difference in OM digestibility. Additionally, there were numerical increases in branched chain VFA with daily supplementation of RDP, which would have provided greater amounts of essential growth factors that may have stimulated growth of ruminal cellulolytic bacteria . Similarly, Farmer et al. (2004) , observed no difference in total VFA when supplementing RDP to steers as infrequently as 2 d/wk compared with daily. Moreover, Collins and Pritchard (1992) observed no difference in total VFA concentrations in wethers supplemented with soybean meal or corn gluten meal at 24-or 48-h intervals. However, the response reflects the lack of change in digestible OM (Farmer et al., 2004) or digestible DM (Collins and Pritchard, 1992 ) intake due to alterations in supplementation frequency.
In conclusion, alternate-day protein supplementation with a mixture of RDP and RUP may improve digestibility in lambs consuming low-quality forage. This improvement may be related to decreased fluctuation in ruminal ammonia concentrations as a result of greater endogenous N recycling resulting in a more stable environment for the rumen microbes. This stability could be due to RDP being readily available on the day of supplementation whereas the degradation of RUP N is potentially delayed to be recycled back to the rumen on the day of nonsupplementation, thereby providing a more consistent supply of available N. These observations with a mixture of RDP and RUP, along with increased microbial efficiency observed for RUP-A lambs, would suggest that the contribution of endogenous N recycling to the ruminal N status was undervalued. AOAC. 1990 
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